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(57)Abstract 

PROBLEM TO BE SOLVED: To attain tight bonding of ultrafine particles 
to a substrate or to one other even at a low velocity of a flow of the 
ultrafine particles and to form a coating by irradiating the ultrafine 
particles and the substrate with high-speed energy beams and removing 
a contaminant layer and an oxide layer due to water molecules or the 
like sticking to the surfaces of the ultrafine particles and the substrate 
or forming an amorphous state to activate the surfaces without melting 
or decomposing the material of the ultrafine particles. 
SOLUTION: Prior to the collision of a flow 5 of ultrafine particles with a 
substrate 1 in a vacuum chamber 20, the ultrafine particles and the 
substrate are irradiated with high-speed high-energy beams as high- 
energy atoms and molecules such as ions, atoms, molecules or low 
temperature plasma to activate the surfaces of the ultrafine particles 
and the substrate without causing melting. The bonding of the ultrafine 
particles to the substrate or to one another is promoted and a deposit 
having physical properties as a dense good film and good adhesion to 
the substrate is formed while retaining the crystallinity of the ultrafine 
particles. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of forming the ultrafine particle which used the 

high-speed high energy beam. 

[0002] 

[Description of the Prior Art] Ultrafine particles, such as a metal and ceramics, are aerosoHzed by gas stirring 
etc. like the gas deposition method (** collection Seiichiro: a metal and 1989 year 1 **** it indicates to p.57). 
Electrify a minute nozzle electrically like an electrostatic particle coating method (others [ / Ikawa ]: indicate to 
** before the Showa energy machine society autumn convention academic lectufe meeting in the 52 fiscal year, 
and p.191) in carrying out through acceleration, and it accelerates using an electric field gradient There was a 
case where function with difficult and sufficient by injecting this and making it collide on a substrate when 
forming high-performance material conventionally in the membrane formation technique of the ultrafine particle 
which forms a firm coat and it coat-izes depending on an ultrafine particle maintaining the crystal structure 
could not be discovered. This is because it was making to be changed into heat energy and to make between 
particles or between a substrate-particle sinter into radical Motohara ** by the above-mentioned conventional 
membrane formation technique when a part of kinetic energy collided to a substrate. In order to obtain whenever 
[ sufficient stoving temperature / for melting association ] in the case of the oxide ingredient which has the high 
melting point When the ultrafine particle was accelerated to several 100 or more m/sec t the crystal structure of 
an ultrafine particle had the fault of a big distortion entering according to impulse force etc. at the same time it 
collides with a substrate, or changing a lot by being ground. Moreover, in the film formed of the above-mentioned 
distortion at this time, big stress occurred and problems, such as a fall of a film property and exfoliation from a 
substrate, were caused. Furthermore, when an ultrafine particle ingredient was a metal, the front face was 
difficult for obtaining the coat which has the adhesion force to enough conductivity and substrates that an oxide 
film etc. is easy to be formed. Moreover, when there was adhesion of the water molecule to the front face etc. 
also in the case of an oxide ultrafine particle ingredient, it was difficult for the bonding strength of ultrafine 
particles to decline and to obtain the film with a sufficient property. 

[0003] On the other hand, the plasma metal spray method is learned as the technique of spraying a particle 
toward a substrate using plasma gas from a nozzle, and forming membranes. This is the technique of injecting 
and accelerating from a nozzle by the high pressure generated at the same time it heats the particle which 
conveyed the particle with a particle size of several micrometers or more, supplied, and was supplied by gas into 
the plasma jet of the elevated temperature which is made to ionize inert gas and is produced, and a high speed, 
making collide with a substrate, and forming membranes. Hot plasma jet is obtained by making into the hot 
plasma the gas near [ which generated arc discharge and was introduced ] the atmospheric pressure by 
impressing the high voltage between the cathode and the anode plates which were prepared in the gun head for 
injecting a coat material. However, the temperature of the generated plasma jet amounts to 30000 degrees C in 
a high place, and the particle to deposit is heated by this high-temperature plasma from [ near the melting 
point ] to more than it, will be in half-melting or a melting condition, and will be injected towards a substrate. 
Therefore, it was difficult to control the condition of the crystal structure of the particle injected from a nozzle 
being destroyed, and the presentation also changing from the difference of the vapor pressure of a configuration 
atom depending on an ingredient, being cooled when adhering on a substrate further, and recrystallizing, and the 
crystal structure of the deposited film had the trouble of changing from the crystal structure of the original 
particle a lot 
[0004] 

[Problem(s) to be Solved by the Invention] For this reason, in the former, in order to make a deposit into the 
crystal structure of the original ultrafine particle ingredient and to improve a property, the deposited film needed 
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to be again heated at the elevated temperature during deposition or after deposition, and it had become a big 
problem on membrane formation and micro processing of high-performance material for this heat treatment to 
form a detailed functional part and device components. Furthermore, when an ultrafine particle ingredient was a 
metal, it was difficult to obtain the coat which has the adhesion force to enough conductivity and substrates. 
[0005] Furthermore, in the case of the thin film formation technique by PVD and CVD which do not use an 
ultrafine particle, it was difficult practically that heat treatments in an elevated temperature, such as a case of 
an oxide-ceramics ingredient, are needed in many cases in order to pass like the growth fault from an atom and 
a molecule condition, and thickness obtains a coat several micrometers or more since a membrane formation 
rate is also lower than the membrane formation process using the above-mentioned ultrafine particle double or 
more figures. This invention was proposed in view of the above-mentioned conventional fault, even if an ultrafine 
particle style collides with a substrate with a low speed, firm junction of an ultrafine particle and a substrate 
realizes that purpose in the state of low temperature, and it is in offering the method of forming the ultrafine 
particle which forms the thin film which has the physical properties which held the crystallinrty of an ultrafine 
particle, were precise and were excellent, and good adhesion. 
[0006] 

[Means for Solving the Problem] In the ultrafine particle forming-membranes method make inject and deposit an 
ultrafine particle towards a substrate, and it was made to form membranes in order that this invention might 
attain the above-mentioned purpose Before the flow of the above-mentioned ultrafine particle collides with the 
above-mentioned substrate at least, to these ultrafine particles or a substrate, by irradiating the high energy 
beam of the high speed which are high energy atoms, such as ion, an atom, a molecule beam, and low- 
temperature plasma, and a molecule Without particle diameter fusing or disassembling the above-mentioned 
ultrafine particle ingredient of the metal and ceramics which are in the range of 5 micrometers from 10nm Even 
if it removes the contamination layer and oxide layer by the water molecule adhering to the front face of the 
above-mentioned ultrafine particle or a substrate etc., or is activated by making it amorphous and an ultrafine 
particle style collides with a substrate with a low speed An ultrafine particle, a substrate, or firm junction 
between ultrafine particles is realized in the state of low temperature, and the ultrafine particle forming- 
membranes method for having formed the thin coat which has the good adhesion to the physical properties and 
substrate which held the crystallinity of an ultrafine particle, were precise and were excellent is offered. Here, in 
this invention, a high energy beam means high energy atoms, such as ion, an atom, a molecule beam, and low- 
temperature plasma, and a molecule. 

[0007] Moreover, this invention introduces the aerosol which an ultrafine particle and ionization gas mixed in a 
reduced pressure chamber. Carry out the through acceleration of the minute nozzle, or vibration distributes the 
above-mentioned ultrafine particle. The high energy beam of a high-speed ultrafine particle style or a high speed 
of a metal, the ceramics, etc. which has the particle diameter generated by making it charged electrically and 
accelerating using an electric field gradient after aerosol-izing in the range of 5 micrometers from 10nm is 
irradiated at a substrate. Melting, or the atom and molecule which constitute the front face and substrate front 
face of an ultrafine particle at least, without decomposing are activated for the above-mentioned ultrafine 
particle. The ultrafine particle forming-membranes method which forms the deposit of the shape of film which 
consists of the above-mentioned ultrafine particle, and the configuration of arbitration on the above-mentioned 
substrate is offered by realizing junction in an ultrafine particle, a substrate, or the low-temperature condition 
between ultrafine particles, and moving a substrate to it and coincidence relatively to the above-mentioned 
ultrafine particle style. 

[0008] In this invention the front face of the above-mentioned ultrafine particle or a substrate Since it activates 
by high energy atoms, such as high-speed ion, an atom, a molecule beam, and low-temperature plasma, and a 
molecule being irradiated If the impact pressure of extent required for contact to the above-mentioned particle 
comrade or a substrate acts, the relative velocity of the perpendicular direction to the substrate of an ultrafine 
particle can be enough, and can be made to deposit precisely in high bond strength on a substrate by 3 m/sec - 
300 m/sec in deposition of an ultrafine particle ingredient Mechanical distortion which goes into the crystal 
structure of the deposited ultrafine particle ingredient by this can be reduced sharply. In the above, 3 or less 
m/sec is not enough as the consistency of a deposit, and by 300 or more m/sec f distortion may occur in the 
crystal structure of an ultrafine particle, or it may destroy. 

[0009] Like for example, the gas deposition method or a low-pressure-spraying method, mixing and pressurizing 
an ultrafine particle and gas within a high pressure vessel, the method of injecting the substrate of the above- 
mentioned ultrafine particle style can be conveyed in the low voltage chamber by which evacuation was carried 
out using differential pressure, and can be generated by injecting this through a nozzle, what was restricted to 
the approach of making it inject from the above-mentioned nozzle after generating and the acceleration 
approach of an ultrafine particle style having mixed the above-mentioned ultrafine particle with carrier gas at 
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this time and distributing — it is not — the above-mentioned ultrafine particle — supersonic vibration and 
electromagnetism — after vibration, mechanical oscillation, etc, distribute, you may make it charged, 
electrostatic acceleration may be performed, and a uniform ultrafine particle style may be generated in a still 
larger area. Moreover, since the inside of a membrane formation chamber is theoretically made to a high vacuum 
(for example, 10 to 5 or more Torrs) in the case of the approach by such electricHleld acceleration, the 
exposure of the above-mentioned high energy atom and a molecule can be performed under a high vacuum with 
little contamination, and the thick film of a good property can be obtained. 

[0010] Moreover, the high energy beam of the above-mentioned high speed can accelerate impression and the 
above-mentioned ion, can take out an accelerating electrode to the thin nozzle in which the lowHiemperature 
plasma which impressed the high voltage to gas with the suitable pressure below the number Torr shut up in the 
suitable container like a high-speed atom beam gun, and was generated was prepared by the above-mentioned 
container, opening, or an electrical potential difference as an ion beam, and can irradiate the above-mentioned 
ultrafine particle style and a substrate. Moreover, it is also possible to stop beam divergence, and to prevent and 
use the fell of the activation effectiveness by electrification of a substrate or an ultrafine particle further by 
m&king it pass, neutralizing new trad IZA (charge neutralizer) electrically, and using the above-mentioned ion 
beam. Moreover, the same thing as the carrier gas used for generating of the above-mentioned ultrafine particle 
style according to the purpose may be used for the type of gas for generating a high-speed high energy beam at 
this time, and a different thing may be used for it Moreover, if the gas pressure in the container which performs 
plasma generating becomes more than Number Torr at this time, like [ in the case of a plasma metal spray ], the 
discharge by electrical-potential-difference impression will turn into arc discharge, energy density will become 
high too much, and the above-mentioned ultrafine particle which has particle size in the range of about 5 
micrometers from 10nm will fuse, decompose and evaporate. 

[001 1] Moreover, when the approach of generating an ultrafine particle style within a reduced pressure chamber 
using a nozzle is used in this invention, Use a high voltage power supply for the substrate which has 
conductivity, and the above-mentioned nozzle which has conductivity, and the high voltage of a direct current is 
impressed. Consider as the seed gas for plasma generating of this at the same time make the carrier gas which 
conveys an ultrafine particle convey the above-mentioned ultrafine particle, it makes it inject from the above- 
mentioned nozzle and it makes it generate a high-speed ultrafine particle style, and a high-speed high energy 
beam is formed. When the high energy atom of the above-mentioned high speed and a molecule activate a 
substrate and an ultrafine particle style, it is also possible to form the deposit of the shape of film which 
consists of an ultrafine particle, and the configuration of arbitration on the above-mentioned substrate. In order 
to make the plasma formed by the gas injected from the above-mentioned nozzle at this time low-temperature- 
ize, the inside of a reduced pressure chamber needs to exhaust below in the number Torr. When a substrate 
ingredient is non-conductive, the thing which activate formation, a substrate, and an ultrafine particle style for a 
high-speed high energy beam like the case where the above-mentioned conductive substrate is used by 
considering the high voltage which arranges and impresses an electrode behind a substrate ingredient as an 
alternating current and for which things are done is possible. 

[001 2] Instead of having not been what was restricted to injection from the above-mentioned nozzle, performing 
electrostatic acceleration, generating a uniform ultrafine particle style in a large area, and using a nozzle for an 
electrode, acceleration of an ultrafine particle may arrange another electrode to near through which the above- 
mentioned ultrafine particle style passes,.may impress the high voltage like the above-mentioned approach, and 
may generate the low-temperature plasma. At this time, the type of gas for generating a high-speed high energy 
beam is supplied separately. 

[0013] Moreover, this invention prepares the coil for plasma generating which impressed the high voltage 
between a substrate and an ultrafine particle style generation source. By preparing the high voltage power 
supply which impresses a RF high-voltage signal to this coil, and producing and cheating out of low-temperature 
plasma gas, and injecting an ultrafine particle from the above-mentioned ultrafine particle style generation 
source, and passing the inside of the above-mentioned low-temperature plasma gas The above-mentioned 
ultrafine particle is activated at least, and the ultrafine particle forming-membranes method which forms on a 
substrate the deposit of the shape of film which consists of the above-mentioned ultrafine particle, and the 
configuration of arbitration is offered. In order to make the plasma formed by the gas introduced in the above- 
mentioned reduced pressure chamber at this time low-temperature-ize, the inside of a reduced pressure 
chamber needs to exhaust even to the pressure below Number Torr. what was restricted to the approach of 
making it inject from the above-mentioned nozzle after generating of the ultrafine particle style used for these 
forming-membranes methods and the acceleration approach having mixed the above-mentioned ultrafine particle 
with carrier gas and distributing — it is not — the above-mentioned ultrafine particle — supersonic vibration 
and electromagnetism — after vibration, mechanical oscillation, etc. distribute, you may make it charged, 
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electrostatic acceleration may be performed, and a uniform ultrafine particle style may be generated in a large 
area. The type of gas for generating a high-speed high energy beam also in this case is supplied separately. 
[0014] Moreover, in the above-mentioned invention, especially since the scaling can be prevented by using inert 
gas, such as an argon and helium, for high-speed generating of a high energy beam when for example, an 
ultrafine particle ingredient is a metal, it is effective. 

[0015] Moreover, this invention is effective in compensating the oxygen deficiency in the oxide at the time of the 
ultrafine particle deposition produced when it is using for high-speed generating of a high energy beam the gas 
which contains the atom of oxidizing quality gas, such as air and oxygen, and a molecule at least when a 
deposit's is an oxide and the ultrafine particle ingredient to deposit is an oxide. 

[001 6] Moreover, this invention is effective in compensating the nitrogen deficit in the nitride at the time of the 
ultrafine particle deposition produced when it is using for high-speed generating of a high energy beam the gas 
which contains the atom of nitriding nature gas, such as air and nitrogen, and a molecule at least when a 
deposit's is a nitride and the ultrafine particle ingredient to deposit is a nitride. 

[0017] In this invention, to the ultrafine particle and substrate to be used, the ion of high speeds, such as an 
argon, and helium, oxygen, High energy atoms, such as an atom, a molecule beam, and low-temperature plasma 
gas, and a molecule are irradiated or passed In an ultrafine particle front face at least by or the thing for which 
the front face of a substrate is activated Without giving high kinetic energy to an ultrafine particle, association 
between ultrafine particle-substrates and between ultrafine particle-uHxafine particles is promoted, the precise 
film holding the good adhesion to a substrate and the crystallinity of an ultrafine particle is obtained, and the 
property of a deposit is raised. 
[0018] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on a drawing below. 
As an outline is shown in drawing 1 thru/or drawing 8 , in this invention, the front face of the ultrafine particle 
ingredient which is aerosoHzed and is conveyed in the state of the gaseous phase is activated, and it deposits 
by injecting on. a substrate. And if it has the crystal structure required for a functional manifestation, the film 
which the need of heating high temperature does not have, either and had the desired crystal structure during 
film deposition or after deposition can be formed, moreover, the particle to be used — secondary condensation 
etc. — large particle size distribution — **** — even when it is, membrane formation becomes possible by the 
energy assistance by the high-speed high energy beam. 

[0019] While drawing 1 introduces ionization gas 22 into the high energy beam gun 3 which generates the high 
energy beam of the high speed which shows the gestalt of operation of the 1 st of this invention, and was 
equipped with cathode and an anode plate (not shown) in the reduced pressure chamber 20 The high voltage is 
impressed by the high voltage power supply 7 for high energy beam generating, and the high energy beam 2 
which are high energy atoms, such as high-speed ion, an atom, a molecule beam, and low-temperature plasma, 
and a molecule is generated from the high energy beam gun 3. Next, the high energy beam 2 of the above- 
mentioned high speed generated by carrying out in this way is irradiated at these ultrafine particle style 5 and a 
substrate 1, before the ultrafine particle style 5 formed through the nozzle 4 from the aerosol-ized chamber 21 
which is the generation source of an ultrafine particle style at least collides with a substrate 1, and the front 
face of an ultrafine particle and a substrate 1 is activated. Since the inside of the reduced pressure chamber 20 
is exhausted with the exhauster 6 by the pressure below Number Torr, the ultrafine particle style 5 is injected by 
the substrate 1 through said nozzle 4. At this time, the rate of the ultrafine particle style 5 injected from a 
nozzle is controlled by the opening cross-sectional area of a nozzle, or the pressure of the aerosoHzed 
chamber 21. 

[0020] Supply of the membrane formation energy (kinetic energy) according to blasting to the substrate of an 
ultrafine particle ingredient the case of this approach, Ultrafine particle activation energy by the exposure of the 
high-speed high energy beam 2 can be supplied independently. Furthermore, since supply of the precise energy 
which has selectivity also spatially with it being as activating both to coincidence **** [ and ] is attained, 
[ activating only an ultrafine particle and a substrate ] It is easy to set up the optimal activation conditions and 
membrane formation conditions according to an ultrafine particle ingredient, maintaining the crystal structure 
without fusing an ultrafine particle ingredient Moreover, since the type of gas used for membrane formation can 
also mix and use the thing of the class from which inert gas, an oxidizing quality, reducibility, etc. differed, it 
becomes independent of other conditions, and reactant membrane formation (oxidation, reduction, nitriding, 
chlorination, carbonization reaction, etc.) is also controllable, and can be effectively applied to the combination of 
the large ultrafine particle ingredient of the range, and a substrate ingredient 

[0021] furthermore, the thing restricted to the approach of making it inject from the above-mentioned nozzle 
after generating of the ultrafine particle style used for the forming-membranes method and the acceleration 
approach having mixed the above-mentioned ultrafine particle with carrier gas and distributing — it is not — the 
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above-mentioned ultrafine particle — supersonic vibration and electromagnetism — after vibration, mechanical 
oscillation, etc. distribute, it is also possible to make it charged, to perform electrostatic acceleration and to 
generate an ultrafine particle style. Drawing 2 is the gestalt of the operation of the 2nd using generating of the 
ultrafine particle style by such electric-field acceleration of this invention, the field surrounded by the dotted 
line in drawing 2 — electromagnetism — from the power source 14 for ultrafine particle excitation, the ultrafine 
particle which shows the osciliating-type ultrafine particle style generator 8, and was stored in the ultrafine 
particle chamber 11 vibrates, is stirred by the alternating current impressed to the ultrafine particle excitation 
coil 12, is further charged with the applied voltage from the high voltage power supply 13 for ultrafine particle 
acceleration and convergence, and is carried besides the ultrafine particle chamber 11. Next, the high energy 
beam 2 irradiated from the high energy beam gun 3 by which the ultrafine particle style 5 was moderately 
converged or diffused the high voltage impressed to the electrode 10 for electrostatic lenses, and it was 
accelerated towards the substrate 1 the high voltage impressed to the electrode 9 for acceleration from the high 
voltage power supply 13 for ultrafine particle acceleration and convergence, and ionization gas 22 was 
introduced is passed, and a substrate is reached. The high voltage for accelerating at this time may be 
impressed to a substrate 1 f when a substrate ingredient is a conductor. In this case, by not using gas for 
conveyance of an ultrafine particle, and acceleration, but being introduced in the reduced pressure chamber 20, 
since it is only a type of gas for **** plasma generating, there is an advantage of being easy to perform 
acceleration control of the above-mentioned ultrafine particle and pressure control in the above-mentioned 
reduced pressure chamber independently. In addition, the inside of the reduced pressure chamber 20 is 
exhausted with the exhauster 6 like drawing 1 by the pressure below Number Torr. 

[0022] Drawing 3 shows the gestalt of operation of the 3rd of this invention, forms the ultrafine particle style 
moderation chamber 24 which formed the high energy beam gun 3 which generates a high-speed high energy 
beam before the nozzle 4 which iqjects an ultrafine particle, and irradiates the high-speed high energy beam 2 
only at ultrafine particle style 5* by which the rate of flow was slowed down by the above-mentioned ultrafine 
particle style moderation chamber 24. Thus, the time amount of the interaction of a high energy atom, a 
molecule, and an ultrafine particle can be controlled by slowing down the rate of flow of an ultrafine particle 
style, each ultrafine particle of the ultrafine particle style 5 is activated moderately, and a substrate 1 is made to 
accumulate. At this time, it becomes possible that the above-mentioned ultrafine particle style moderation 
chamber 24 is independent of the rate of the ultrafine particle style which has the device in which that cross 
section is changed if needed [ above-mentioned ], and is injected from a nozzle 4 in the time amount of the 
above-mentioned interaction, and to control to a precision. Moreover, before ultrafine particle style 5' reaches a 
substrate after this, as shown in drawing 3 , it is also possible to acjjust acceleration and its rate of flow within 
the reduced pressure chamber 20 using an electrification electrode or an accelerating electrode 9. Moreover, the 
ultrafine particle style moderation chamber 24 shown in drawing 3 is having the device the cross section's being 
changed if needed [ above-mentioned ], preparing the electrode and coil for low-temperature plasma generating 
within and without the, and impressing the high voltage of an alternating current to this from the high voltage 
power supply 15 for low-temperature plasma generating, and can also activate the ultrafine particle style 5. By 
for example, the thing for which the electrode 10 for low-temperature plasma generating is formed inside the 
ultrafine particle style moderation chamber 24, and the high voltage is impressed to this from the high voltage 
power supply 15 for low-temperature plasma generating as shown in drawing 4 The low-temperature plasma 2 is* 
made to generate in the ultrafine particle style moderation chamber 24, interaction time amount with an ultrafine 
particle, a high energy beam, or the low-temperature plasma can be lengthened, and an ultrafine particle can be 
efficiently activated because the ultrafine particle style 5 passes through the inside of this low-temperature 
plasma at a low speed. Moreover, as shown in drawing 5 , it is also possible to use the aerosoHzed chamber 30 
for mixing an ultrafine particle and gas, distributing and generating the ultrafine particle style 5 as a moderation 
chamber, to form the induction coil 18 for low-temperature plasma generating in the outside, to make the low- 
temperature plasma 2 generate in the aerosoHzed chamber 30 by impressing the high voltage of an alternating 
current to this from the high voltage power supply 1 6 for low-temperature plasma generating, and to acquire the 
same effectiveness as the above. It aerosol-izes by agitating and mixing with the gas introduced into the 
aerosol-ized chamber 30 from the chemical cylinder 32, the low-temperature plasma 2 formed in about 18 
induction coil is activated, and the ultrafine particle powder 31 into which it was put by the aerosoHzed 
chamber 30 forms the ultrafine particle style 5, and is supplied to a membrane formation chamber. Then, it 
accelerates at a required rate by the approach using drawing 1 which is the operation gestalt of this invention, 
and a nozzle which is indicated by 3, 6, 8, and 9, drawing 2 , the approach of electrifying and accelerating 
electrostatic indicated by 7 and 10, etc., and the activated ultrafine particle style 5 is sprayed on a substrate, 
and forms the precise film at low temperature. In the case of the approach of establishing the moderation device 
of the ultrafine particle style 5, and activating an ultrafine particle, as stated above, the rate of the ultrafine 
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particle style 5 iqjected from a nozzle can control an ultrafine particle and the interaction time amount of a high 
energy beam to a precision according to a moderation rate, is taking long interaction time amount, and becomes 
possible [ activating an ultrafine particle efficiently also with slight beam energy ] independently. Moreover, there 
is as what was generated from the high energy beam gun shown in drawing 3 is used for the high energy beam 
irradiated in the style of [ 5 ] an ultrafine particle, and the plasma generated by high-voltage impression of 
drawing 6 which is the operation gestalt of this invention, a direct current which is indicated by 7, 8, 9, and 10, or 
an alternating current may be used for rt [ no ] 

[0023] Supply of the membrane formation energy (kinetic energy) also according [ the case of this approach ] to 
blasting to the substrate 1 of an ultrafine particle ingredient, Ultrafine particle activation energy by the exposure 
of the high-speed high energy beam 2 can be supplied independently. Furthermore, since supply of the precise 
energy which has selectivity also spatially with it being as activating both to coincidence **** [ and ] is attained, 
[ activating only an ultrafine particle and a substrate ] It is easy to set up the optimal activation conditions and 
membrane formation conditions according to an ultrafine particle ingredient, maintaining the crystal' structure 
without fusing an ultrafine particle ingredient. Moreover, since that from which the type of gas used for 
membrane formation also differed can be used, it becomes independent of other conditions, and reactant 
membrane formation (oxidation, nitriding, chlorination, carbonization reaction, etc.) is also controllable, and can 
be applied effective in the ingredient of the large range. 

[0024] this time — an uHrafine-particle ingredient front face — or even if the high-speed exposure of a high 
energy beam removes the contamination layer and the oxide layer by the water molecule adhering to that front 
face etc., or it activates by making it amorphous, and it does not perform hot heat treatment, and firm 
association is realized and it does not gather the flying speed of an ultrafine particle, a substrate front face is 
the soft collision with a substrate or an ultrafine particle, and it can form the precise film, without breaking the 
crystal structure of an ultrafine particle. 

[0025] Drawing 6 is the gestalt of operation of the 4th of this invention, and the high voltage is impressed to the 
substrate 1 which has conductivity, and the above-mentioned nozzle 4 which has conductivity from the high 
voltage power supply 15 for low-temperature plasma generating. It is the approach of making generate the high- 
speed high energy beam 2 which faces to a substrate, and irradiating the front face of the ultrafine particle style 
5 while conveying this, or a substrate 1 by plasma-izing the ionization gas which supplies ionization gas and an 
ultrafine particle 23 to the above-mentioned nozzle 4, and is used for conveyance of an ultrafine particle. In 
order to make the plasma formed by the gas injected from the above-mentioned nozzle 4 at this time low- 
temperature-ize, the inside of a reduced pressure chamber is exhausted below in the number Torr with an 
exhauster 6, and the discharge by electrical-potential-difference impression needs to make it glow discharge. 
According to this approach, association becomes possible to the particle which cannot obtain kinetic energy 
required for deposition, and a limit of the particle size distribution of the particle ingredient to be used is also 
eased. This becomes very practically effective in low-cost-izing of a raw material. 

[0026] Furthermore, when a substrate 1 is a non-conductive ingredient, it is possible to form a high-speed high 
energy beam behind a substrate 1 like the case where said conductive substrate is used by making into an 
alternating current and high frequency the high voltage which arranges and impresses the electrode 17 shown in 
drawing 6 . 

[0027] Drawing 7 is the gestalt of operation of the 5th of this invention, and is set in the gestalt of operation of 
two of this invention of said drawing 2 . electromagnetism — to the injection location and substrate 1 of the 
ultrafine particle style 5 in the oscillating-type ultrafine particle style generator 8 The ionization gas installation 
nozzle 1 9 which introduces ionization gas 22 is located between the oscillating-type ultrafine particle style 
generator 8 and a substrate 1. while forming the electrode 17 for plasma generating to which the high voltage is 
impressed by the high voltage power supply 1 5 for low-temperature plasma generating — the above — 
electromagnetism — electromagnetism, while passing opening of the electrode 1 7 prepared in said injection 
location in the style of [ 5 ] the ultrafine particle from the oscillating-type ultrafine particle style generator 8 It 
is the approach of plasma-izing the ionization gas 22 from a nozzle 19, generating the high-speed high energy 
beam 2, irradiating an ultrafine particle 2 with a beam 2, and injecting this ultrafine particle style 5 to a substrate 
1. According to the gestalt of this operation, since gas is not used for conveyance of an ultrafine particle, and 
acceleration using the ionization gas installation nozzle 19 and it is only a type of gas for plasma generating, the 
type of gas for generating the high-speed high energy beam 2 has the advantage of being easy to perform 
acceleration control of the above-mentioned ultrafine particle, and pressure control in the above-mentioned 
reduced pressure chamber independently. 

[0028] Drawing 8 is the gestalt of operation of the 6th of this invention, and is set in the gestalt of operation of 
the 4th of this invention of drawing 6 . The electrode 17 with which the high voltage is impressed from the high 
voltage power supply 1 5 for low-temperature plasma generating is arranged in the shape of opposite to the 
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substrate 1 down side. The ionization gas and the ionization gas of an ultrafine particle 23 which are injected 
from a nozzle 4 are plasma-ized, it considers as the high-speed high energy beam 2, and the front face of the 
ultrafine particle style 5 while conveying this high energy beam 2 f or a substrate 1 is irradiated. Also in this case, 
like the gestalt of operation of the 4th of said this invention, association becomes possible to the particle which 
cannot obtain kinetic energy required for deposition, and a limit of the particle size distribution of the particle 
ingredient to be used is also eased. This becomes very practically effective in low-costHzing of a raw material. 
And it is effective even when a substrate 1 is a non-conductive ingredient 

[0029] Drawing 9 is the gestalt of operation of the 7th of this invention, and the coil 18 for plasma generating 
linked to the power source 16 for RF plasma generating is formed between the nozzles 4 and substrates 1 which 
inject ionization gas and an ultrafine particle. By making into the high-speed high energy beam 2 the ionization 
gas used for conveyance of an ultrafine particle by the high voltage of this coil 18, and high frequency, by 
passing the inside of the plasma space of this high energy beam 2, it is activated and the ultrafine particle style 
5 is deposited on a substrate 1. In order to make the plasma formed by the gas injected from the above- 
mentioned nozzle 4 at this time low^temperature-ize, the inside of a reduced pressure chamber is exhausted 
below in the number Torr, and the discharge by electrical-potential-difference impression needs to make it glow 
discharge. Furthermore, generating of an ultrafine particle style is not what was restricted to the approach of 
making it inject from the above-mentioned nozzle, by performing electrostatic acceleration, generating a uniform 
ultrafine particle style in a large area, and passing the plasma space 2 in which the above-mentioned plasma 
generating coil 18 forms this, may be activated and may be deposited on a substrate 1. In this case, the seed gas 
for generating the plasma will be separately supplied like the gestalt of operation of drawing 7 using the 
ionization gas installation nozzle 19. Since gas is not used for conveyance of an ultrafine particle, and 
acceleration in this case, either, it is introduced in a reduced pressure chamber, and since it is only a type of gas 
for **** plasma generating, there is an advantage of being easy to perform acceleration control of the above- 
mentioned ultrafine particle and pressure control in the above— mentioned reduced pressure chamber 
independently. 

[0030] the ultrafine particle generation source of the gestalt of the 3rd operation which drawing 10 is the gestalt 
of operation of the 8th of this invention, and was shown in drawing 3 — the above-mentioned ultrafine particle - 
- supersonic vibration and electromagnetism — after vibration, mechanical oscillation, etc. distribute, plasma 
generating by RF impression is used for the exposure of a high energy beam using the technique of electrifying 
and performing electrostatic acceleration. 

[0031] That is, from the power source 14 for ultrafine particle excitation, the ultrafine particle stored in the 
ultrafine particle chamber 1 1 vibrates, is stirred by the alternating current impressed to the ultrafine particle 
excitation coil 1 2, is further charged with the applied voltage from the high voltage power supply 1 3 for ultrafine 
particle acceleration and convergence, and is carried besides the ultrafine particle chamber 11. And the ultrafine 
particle style 5 is moderately diffused with the high voltage impressed to the electrode 1 0 for electrostatic 
lenses, and it turns to a substrate 1 with the high voltage impressed to the electrode 9 for acceleration from the 
high voltage power supply 13 for ultrafine particle acceleration and convergence, and is accelerated and injected. 
At this time, the coil 18 for plasma generating is arranged near the ultrafine particle style 5 which was able to be 
extended by the electric field by the electrode 1 0 for electrostatic lenses, high-frequency voltage is impressed 
from the high voltage power supply 16 for RF plasma generating, the atom of high energy and a molecule are 
irradiated in the style of [ above-mentioned / 5 ] an ultrafine particle, and the above-mentioned ultrafine particle 
front face is activated. Then, membranes are formed by accelerating the activated above-mentioned ultrafine 
particle by the electric field formed between the electrode 9 for acceleration, and the substrate 1. At this time, 
the seed gas for generating the plasma is separately supplied like the gestalt of operation of drawing 7 using the 
ionization gas installation nozzle 19. Since gas is not used for conveyance of an ultrafine particle, and 
acceleration in this case, either, it is introduced in a reduced pressure chamber, and since it is only a type of gas 
for **** plasma generating, there is an advantage of being easy to perform acceleration control of the above- 
mentioned ultrafine particle and pressure control in the above-mentioned reduced pressure chamber 
independently. By moreover, the thing made to change from the power source 13 for ultrafine particle 
acceleration and convergence to the electrical potential difference to which the electrical potential difference 
impressed to the electrode 10 for electrostatic lenses is impressed by the ultrafine particle chamber 11 The rate 
of the ultrafine particle style 5 which passes about 18 coil for plasma generating and which was diffused 
moderately is adjusted The ultrafine particle style 5 and the interaction time amount of a high energy beam are 
controlled to a precision like drawing 3 which is the operation gestalt of this invention, and 4 and 5, and it 
becomes possible to activate an ultrafine particle efficiently also with slight beam energy by taking long 
interaction time amount Moreover, in the ultrafine particle membrane formation shown in drawing 1 which is the 
operation gestalt of this invention thru/or 11, in order for an ultrafine particle not to fuse by the exposure of the 
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high energy beam 2, and to generate the high energy beam 2, as for the power supplied to the high energy beam 
gun 3, the electrode 10 for low voltage plasma generating, and the coil 18 for plasma generating from the high 
voltage power supply 7 for high energy beam generating, the high voltage power supply 1 5 for low-temperature 
plasma generating, and the power source 16 for high frequency plasma generating, it is desirable that it is 1kW or 
less. 

[0032] According to these approaches, association becomes possible to the particle which cannot obtain kinetic 
energy required for deposition, and a limit of the particle size distribution of the particle ingredient to be used is 
also eased. This becomes very practically effective in low-cost-izing of a raw material. In addition, in the gestalt 
of operation of each drawing, the same part attaches the same sign and explanation is omitted in part. 
[0033] 

[Example] It carried out by the approach using the high energy atom specifically shown in drawing 1 , the high- 
speed atom which generates a molecule, and a molecule beam gun. PZT of the perovskite structure in which the 
used ultrafine particle has the piezo-electric property that particle size is 0.1-5 micrometers (Pb(Zr, Ti) 03 : 
piezoelectric material), By oxide ceramic ultrafine particles, such as a titanium dioxide (Ti02 : antibacterial 
ingredient) of the Mn-Zn ferrite (Fe203(Mn f Zn) O: high frequency magnetic adjuster) which has Spinel structure, 
anatase, and rutile structure To ultrafine particle membrane formation equipment using helium gas supplied from 
the chemical cylinder 25 for ultrafine particle conveyance which charges 200g to the aerosoHzed chamber 21, 
and is shown in the configuration of drawing 1 1 as carrier gas Attach the high-speed atom and the molecule 
beam gun 3 which generate a high energy atom and a molecule in the form of drawing 1 , and the oxygen 
supplied from the chemical cylinder 26 for ionization is made into source gas. Membranes were formed irradiating 
a high-speed oxygen atomic beam at the substrate temperature of a room temperature on Si substrate, a 
stainless steel substrate, and an alumina substrate. At this time, the substrate 1 was scanned to the nozzle 4 
(opening size: 10mmx0.4mm) using X-Y-Z stage 27 according to the film configuration. 

[0034] For the rate of flow of ultrafine particle gas, the degree of vacuum in the membrane formation chamber 
20 is 0.2 by abandonment equipment 6 at about 50 or less m/sec. It carried out on the applied voltage of 1-2kV 
to the high-speed atom and molecule gun which generate a high-speed oxygen atomic beam between Torr - 
2x10-4TorKs), and 2Q-50mA conditions, and the film of 100-500-micrometer thickness formed at the membrane 
formation rate for 5-20-micrometer/. The X-ray-analysis result of the obtained film is shown in drawing 12 (a). 
The X-ray-analysis result of the film generated without irradiating a high-speed oxygen atomic beam is shown in 
drawing 1 2 (b) for a comparison. As shown in drawing 12 (a), the precise film with which the direction of the film 
which irradiated the high-speed oxygen atomic beam and generated it maintained the crystal structure as the 
perovskite structure of the raw material powder which shows an X-ray-analysis result to drawing 1 2 (c) with the 
same crystal structure of the deposition film by an analysis peak becoming Sharp was obtained. 
[0035] moreover, AIR (desiccation compressed air) is used for the carrier gas of a PZT ultrafine particle, and it 
is shown in drawing 6 — as — between injection gas and substrates — several 10 — by forming membranes, 
impressing the about [ -100W ] high voltage and generating the air plasma, the precise film which maintained the 
same crystal structure as the perovskite structure of raw material powder was obtained, and it has checked that 
a piezo-electric property improved. In addition, in the gestalt of operation of each drawing, since the sign which 
is not explained is the same configuration as the same sign of other drawings, it omits concrete explanation. 
[0036] moreover, when using a metal as an ultrafine particle ingredient Introduce inert gas into the ultra-fine 
particle generation chamber 28, and an ultra-fine particle ingredient is generated by evaporating the above- 
mentioned metallic material in gas. Membranes were formed by turning an ultrafine particle to a substrate 1 and 
injecting it from an injection nozzle 4, having used the generated ultra-fine particle as gas which conveys the 
above-mentioned inert gas, having sent into the reduced pressure chamber 20, and irradiating 5kV of high-speed 
inactive atomic beams, and 10mA from the high energy beam gun 3. nickel was used as an ultrafine particle 
ingredient, polyimide was used as a substrate ingredient, and when membranes were formed without heating a 
substrate, the firm coat of 95% or more of consistencies which does not exfoliate to 100 micrometers of 
thickness was able to be formed. 

[0037] As mentioned above, although this invention was explained based on the gestalt of the operation 
indicated by the drawing, this invention can be carried out even to how, unless the configuration indicated not 
only to the above-mentioned gestalt of operation but to the claim is changed. 
[0038] 

[Effect of the Invention] As mentioned above, if the raw material powder particle has the crystal structure 
required for a functional manifestation even if it is high-performance material which, in short, has the need of 
recrystallizing at an elevated temperature according to this invention, the precise film which did not need to heat 
high temperature and had the desired crystal structure during film deposition or after deposition can be formed 
in a high speed. 
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[0039] Moreover, when the ultrafine particle to deposit is an oxide ingredient, by using oxygen gas for the gas 
source of a high energy beam of the high speed to irradiate, the oxygen deficiency based on the collision of an 
ultrafine particle or heating of a substrate can be filled up during deposition, and improvement in a property and 
a function can be aimed at 

[0040] furthermore, the particle to be used — secondary condensation etc. — large particle size distribution — 
**** — even when it is, the great outstanding effectiveness — association even of the particle which cannot 
obtain kinetic energy required for deposition is attained, and a limit of the particle size distribution of the particle 
ingredient with which use is presented is also eased — can be done so. 



[Translation done.] 



(i9>H*H#fw (jp) 02) & H'WflP"& # (a) (wmumm^ 

#132000-212766 
(P2000-212766A) 



(43)&6BB ¥^12^8^2 0(2000.8.2) 







F I f-V3-F(#%) 


C2 3C 24/04 




C2 3C 24/04 


B0 1J 19/12 




B 0 1 J 19/12 G 


C0 1G 23/04 




C0 1G 23/04 B 


25/00 




25/00 


C2 3C 14/08 




C2 3C 14/08 K 






I # S*E©S10 OL C£ 12 H) fi&Kfc$!< 


<21)ffl«#^ 


ftRSR 1-210765 


(71)ffllSA 000001144 


(22)ffi8B 


7B2BB (1999. 7. 26) 


JfcfCiFf ftfflK«#88 1 TB 3# 1 ^ 






C72)38?B# $8 m 


<31>flBfc8fcfe©*# 


ftg¥10-208998 


mmo<mm:irM2im rem 








<as>ssm£sm 


B* (JP) 








^&0<fcfiffa&*lTB2#Hl IlSfe 












(74)ifJgftS!A 220000301 















(54) mw<D%m &m&mm 



(57). flfiE*) 

*mmm% Lfc*a*«nci: s&ftJHtttuiM 

imfe^R] «Ef-+ f/<- 2 0 rtt JSV^TlMItt^ 
*»+6 C * < isstfefls U iWWttW- t L < 




1 

mm 1 1 «e^-v ys<-ftk&^xmm*m 

©rtRJfeTfcoT, i%±E**l»©*M»± 
B»IU*»*SfiU&fcfcv*T£fte>tt*« ; H'TO 

oi^i^Hi^ a*T»fc51IB*©ft*;M'¥-fcr-A 

*4<«ttft;U ±Ba^?&£^lXttl»R«tf- 
#E©itft*1BI34\ tttm?©BAtttft*Lfc$ 
* Off -? JUPfeBtttt t EK^© Afr***tt**1-a 
*Wbfc»jfr*-5 «fc 5 tUfcii 1-5®^^ 

M bTJ:Bi«t©K:**A'¥- if- AfcBJfrfS fcfc© 
U J:B4Mtt?«£l(ft>g>&KK: 

ft«»^«^©*«ft : H«S«BSrJSH!feflsU ±BK 

fflt©»1K©*B*tt»fc+5 J: 5 l-tfcct^mt 

tf 6*ufcroo«itKa*v^iMato]Kiffi^Haipf 
5*flE«**rRrt % -hEKE?-+:"<-rtfc7?X^* 
£©fc»©;*f***AU ±B*a©***A^-if- 

< t *±EllEflmTOB£*a>&^*-&J:BIMm? 

r k fc J: 9 , Sft±lcJbett*j|k?d> & * 
SftOT^tt&*©^©tt&**»/fti-s J: 5 fcbfc 
£ i +S»3»K 1 fcBtt©fflm?jftR& 

[M*$4] JbEME^+^-rtT, JbB&K£± 

»£©*:©©#:**»* U tta^f/HcKlimSVEflr 
**B^Sfc*©*ffi«Bt:fWT±E**©rt:** 

A^-If--Afc4&*U©* iBJlsa©*^^-^ 
-A#/>ft< £t>±E««imB84Bj&»e>*4t-3± 
EWWWfcffittfcU «*±fc±B«Hfc**»&*6 
Rtt*V»tttt*©**t©J(ai*S:*riM"6 «t 9 K LfcC 

i «r«»fc-r«iiwwi &«*©«*«*■ asm. 

£ 4 ©I vf ft** 1 9icEtt©tttttt'7 : jftR& 



(2) 4#H!20 0 0-2 1 2 76 6 

2 

- i **&*1-*ll#iS l 75l4 ©v^iii* l "Steffi*' 
©Stttt?-AB& 

IB** 7] IB*tfr©£&lcOT$&lt*A©## 

St&lix 3m/s e c~3 0 Om/ s e cT?S)5C: tSr 
Wfck t5»W( 1 75S4 ©VvfiM* 1 £fcB®©jg® 

[B$ff8] JhEIHKtfe?tffi©ttStt* 10nmi» 

*w&» i g£E*©fl*tk?AR&. 

10 [B**9] ±BS*imt©Xtt*MfH-«mil* 

^ ^tf-MH^^x^ft^©*:***'* 
bmamz-b ©ttE«uii*nfctwpi-ar. t mmt-r 

Sit*® i Jj^a ©vvf *t>j&» 1 9fc&tt©jmRtt?j£K 
[B#K 1 0 3 iE*****- f-A^|g41-5fc 
i 1 75£ 4 ©v vftti* 1 g£E*©ttfttt? 

20 $®|fc 0 

[00 0 1] 

[*W©*+5B3I»»1 *«Wtt*a©*3i*/mf- 
tf-ASrfflVNfcjB!WJ[^©rtltttclJ:Hi-St©-eat>*. 
[0 0 0 2] 

ffrJi/a y& WMU-B : &m, 1989^1 p. 5 
7 ME*) ©fiKc^^^/iiftiUrcTpy/HbL, 

30 -r>f Will fill : «ft52££Mtt¥aft$*£ 

p. 191 iriEm) ©isjwm^tsm^ 

c k -e, !ftB4^Sr»J»t«]lltKtt?©AMS 

?-l::J:oTtt«MtftLfclRt % *©^«itSriSit1-5 
c^fi, ±Efl6(E©jaB¥tfetf»4, 8ii^^/w^-©- 

{-> tifttt^ HIC lOOm/sec K±mtefrj-5 k % 
©IS Affifi MtSfikiB^t-S fc m«t!:ff»A« 

■C*#<«fti-Si:V^5Ajillt!J s aE>ofc. *fc % C©l§± 

<Wfe©ftT^ S«^?>©«lil*^©BaHSriSV>TVN 
fc 0 *e,t» tttttt^tm^^K©B^, ^r©^iiB:^ 
ttWMt $ M*t < ^5^*^«^ t «R^©#t 
50 *S:^i-5^Ji^#SCtttaji-efcofc 0 *fc 4 Bfc 



3 

®mm-tt®t>w&x\. *©&®~©zk#*©#Jt 

iooo3i m&*7yx-7-#*%m^x;x 

7°yx-?®%&&&btix^z>. zti\t. ^m3f*& 
wmz&T±czftm., ■m<r>y°yx-*v^y h©$ 

fc, ^^icTigl^C/im^i©^^^^ 8A 
JE#-CVX/i^P>ifM, JP^LS«lcif^$-frfiKli1-5 10 

\zfcn&ZWM-th^kX'T-timZ%'£U £AL 
fc*&flEifi < ©#* *MM.<r>7°y X^r £ 1 1 «fc •? 

isjvN t - 3 o o o o x.\z.m u mm ztizwfr* 
z<DM&7°7Xv\z£m& : &m>b : tiri&.±.*x> 

ItSfcS. lot, /XA4>&*ft3ftStttt?«>itt 
ftfefflfeSSti* tmfcJ:oTtt*j«*©**ff©il 20 
a»&*©»rtt>*flsU S 6fcfflR±fctt*1-ai*fc 

[0004] 

tt**5E©flra?*ffi©£illl&£ UT^Ht?r^±t 

««ift-ejpl!i+Si8W«**>o» -©!?&&3»&ft*lf& 

[0 0 0 5] Sfcfc, jfiWtt^-ftfflV^VNPVD. CV 
DfcJ:5*lt*j*f*©»*tt, »*«1M»6© 

ffiv\fc«> t J?§#$um&±©&l&£#5©tt3lE±ffl 

fct>©-e» ^©B«)tt, ^(oBttimE#&8&-?« 
£ LX t> , fiflttttttttflktt? 1 £«©iftllft&&#& 
St, «l^?-©«fttt*<S»t-Cit*T?«tfc*tti: 
A»ft*«*r*1-5«fc»/^5fflW*©JiU» 

[000 6] 

[HH&fi?fc1-5fc«>©3M£] #f893li> ±BBti** 

m&tmxffim+mttLmzitx 

t)±IE«»tt^©«h.*±li!»Kfc«*"f-*K1ttfc*iv^ 50 



#W 2000-212766 
4 

*©i&77Xvfc£©ili:£*/v¥-if^ ^-c*s* 
:i©^ai^/v^-tf-ASrfiait1-5^i:l-«);9, tfc?ft 

±IQB«B[ ; M > a«©*iifc#« Lfc*fc**fc J: 6» 

fc*ttfc **--© Aff ft«3W!fe«r*i-«»v^*«t*l* 
1-5 i 5 fc Lfc**tt*jMWfeMHlrt-S 1 ©-?$> 5. 

^tf-MHsa.^x-^fcif©****' 
[0007] *fc#*iitt, mzr* y<-fo\Limm 

* ^*©*a©iB»tt ; Hiirt , ffii©iE**^¥- 

5t©"Cfc5. 

[0008] *38Ht*v^T» iBfflWt^WR©* 
ffil±, !*«©-< M^, ^^-A^ffita^yX^ 

fls*ixTV^OT?» i^»^!|sf©ii«^*5VNT, i@m 

»*©*«fc*ht-s*ii*rti©##a«tt» JtwRiit* 

IHSg^&Ei: ©«ttfciMI*a«©W«E*!f1iffli-*Uf 

5l55>-e, 3m/s e c~3 OOm/s e c-CS^±tCiS 

9 , «8l$nfctt«tt?fm©lSA«Hib:A5W*«dS 

T-CfHHMb©ft*#*^Tf»±*V^ L % 3 0 0 m/ s e 

c «J:-ef4^TO^©^^*itlcS^*^4 Ufc U « 

[0 0 0 9] ±BBtttt?-ft©£K^©>ftttfttt, ^J^ 

ff^f**^g^«rt«E«M«fe©J:5t v itSJMS 

/ X/vSrii L-c*Mt-6 - 1 Z zbi*X% 5. 



5 

mm>mmm, mmmftk-\^m\,t.^ 
awk^ncatftffoTtiv^. £©8iftm# 

ftafcJ:S#afe©»£\ *atttriUlf-+^-rt«ri«i 
X£ (fll&ff 1 0" 6 Tor rSLk) fcT?#5©"C, ± 
EUS^**-** , a*©Kltfc* »ft©*ftVSWE 

*^**-^©J:$fcaSft*WU:HC£»e>*i. 10 
fcSTor rJKT©flE*©»Sft:tf:*fc?l5«Efcl?JPL 

S&ftfcffn Uf UffltS i t *-*©£# 5 * ft 
* fc*«*«»tt*©li«te J: siSttfi^URoff 

©«3^A^-tf-A«B43*6fc©©;*f*«3U S 20 

m\cfoix±$s&m!t3-mo%&.\zm^it* j r y 

iWtt>©*fflv^t>J:v^u Jlftofct>©fcfllvvct> 
JEjSHRTo r rK±tft5i t /^Xv^Ol^OJ; 

5 £®b? ant t. zumtT-t itmz.ii o 

**MS< 4 9i-ff» 1 0 nmd*& 5 it mgtO 

[00 11] ifc, *»HT?tt» ^BE^+y/^-rtTV 

Zfrmm ^xmwsL^mm^^umm^m 30 
xa^» fe*jt£^x©flffft?tt*8£ s*& t m 

tt©*8Mfe*»J^5£fcfcWl?ib5. £©l$, ±E 

fflB.ft***fc»t)t, WEf-ir^-rtttftTo r rK 
TfcSBM- 5 - i 3. »**««*#**£© 

«^tt, **^©«#fcWIfcE«U PPinil-Sigm 
JE*S9t£ 1-5 £ * T?±E*Wt»RfcBv*fi#£-i: II 

«tt*a©jisa^A'*-if-Ai:«!Wi, afttas.fctf« 

[0012] ttft|k?©Al*f*> Jbf2/X;W>>&©tlt 
ttfrOlc, ±B*«ttTF*#=aa-*-5fiflFKt5-o© 50 



ttH 2000-212766 
6 

[o 0 1 3] *»na. xtt^fltttt^aHs^ii 

k ©m£ft«E*gtiiP Ufcy 7 X^3§£ffl => -< /wfcgi! 
ij\ *3^A'tJl5SIBlS«Eflr-§-ftH«Pl-5*JE«Ht 

**fciKI3*5££fcJ:9, '>ft<i:t>±fEi&»^ 

5t©-efc5o £©B#* iEWE^+^-rttSIAS 

fc, IWE^^-rtttftTo r r«T©£E*fc*t?# 

£Ji&©*Mtfefc/lV'&JBiR 
tt^F«©«^ flfit*ifett, ±!B&$t&*£**y7# 

KRofct)©Tf4< % JbEtttm^ttMHttHWHHtt 

»ftjpit*ff v ^H«fcH*^tra*tt©*4fcfT 

i§^$*5fc«)©^^stt, »jafe«iei-5. 

[0 0 14] ±E*Hfc*SV*T, 7^^U 

>> Aft if ©*«&#;* St**©****'*- f - A©« 

if *©*ifflM5*RF <*- £ -5 ©-CWlc*»-e«> 

[0 0 1 5] *|g^tt, Jta^K^-efc^a 
^■ir »/>4 < k tffi ftJWMKc if ©SHbtt^^ ©JSt^-, 

^^tfjtf^***©***^-^-^©**^ 

[0 0 1 6] immmkyrtbzm 
&\m'p%< k^m^mtek-ommxzom*, 
d***tr jtr* t*a©***/i'* - tf- ^©ig^jcffi 

[0 0 17] *»fBTftt. Itffli-SfflRtt^SKfcT 
zvrfv^y^A, *(f4if©(sa©-f*v 4 JR^ % 55- 

^ t-A^ia^y X-7#^ ft if (Dlx^/^-ff, 

^ftflMtabsv^ttaas*, />4<irta» : f-*ig 
*»* « v^B«g©*ii«ssttflrt- s temmc 

A#ft«3»ttkMm^©**ttft«l»tfc««ft*ft 

#TJt«!fe©!f#tt«r ieo± $ *6 % © t?* 5 . 
[00 18] 

[flKfcHiS©^!] ttTK*»W©*«©»«*HiB 
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fcjfr5^TlMi*S. 0 1 7510 8 \zMm*t£ 5 
ft«5Mrt>o-cv\fcli» *Wt»*>M>tti*a*fc*^ 

autoipiR ttf 5 &at* < vmmMMmt: t^m 

£45. 10 

[ooi9]gii ti&mon i ojtmo^fejstt 

3 ICW *Vflutf * 2 2 fc^AtS 
title, *a.*A'ap-if-A»4ffl«BE«i7fci9 

If- A 2 fc*:c*A'¥- 3 *» 63841" 

if- A 2 £, *fe < i k»igM©?§4$r?fo5 20 
^7 o "/MC?-* 2 1 *»6> y X/U4 &il LT» A 
**ufc»lWt : f-*5 tf££ 1 l::«SH-6Blfltfc*sv^ 
CJtfciBRtt^ * 5 is J; g& 1 fclWt U ffl»*frf* 
±U«Rl©*ifi«SteflS'f5t>©-C&5. Stttt'HI 
5 14, »E^+ y<- 2 0 AtfftfcSC 6 let tyftT o 
r rKT©flEAlJ:#j53;lvCV*«fc»fc, IfifE/X/M 
&SLT£&ll-tl*£ft5. £©*, / X/V^bft* 
£ ftSig&i&M 5 ©aflMc, / X/v©M q Hfffifi^ 
7 n y/Hbf-+ 2 1 ©JEA-CWP1-5. 
[0020] £ ©#fe©*§3\ jg$(&*$ffl©£K^© 30 
*##tttJ:«jftR3^/u*- ©tt 
f&i, *»©*»M^-tf-A2©IWfcJ:5«a^ 
; FSttfl5**A'*-©ttl&#a4tff*.» JEfctt»tfrf- 

t Settle ferattofc&tftttfeMtA^-oiKIMS »T 

UfcS 4 , Cfc&SIfc 
&ttft&#, A**fcPtt£LAv^. £fcj&IHcJ8V%S 

HftofcWlOtofeaW-fCffiv^Cir^-eftS© 40 
■C, EfStt ONk «tg, aft, *fls % JK*ftK«ft 
if) ©j»t>fe©^i*fcfcUTIM*WT\ iSv^ffl 

©ttatw-tm, «stm©a*#fc*ic»u *»k 
[0021] $ feic, jftR&&Bv^tt*tfc?tt©8 

©?fr<, ±B*m?«rimtiHn*tttJHh W* 

if t i o a* *«£*»«$pfcais* 
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£ ©afrftjMiajc <t ss*tt?tt©*£**iMB 
ap©a2©att©^a-c2>6. 02©*t% ^-ea 

1 4 A^ttMtt^BiRa -r /H2t 

RUP£*ifc&tt«jtl£J:9!ltt, $felejg«S 

&*jp& 1 3 * e> ©PPjp®Eie«t d « 

1 l©flfc»Hia. 

tt£JlliMEB*l 3d^«fflm^9(C^D$nfc^l; 

ffic*9»RifcrtrtTj(nasft, 4 few 2 
2 a*agA $ fifeS****- \f-J*m 3 i» &1XUN' £ *t$ 
^3i^/V^-lf-A2S:ajiLTSSIeSJ^r5 0 C© 
Jj35t1"5fc«)©ii5mJltts S«WiS»m«:©^ 
ft, S^ill^iDLTti^o C©#^-, tt*«£?-©tt 

*ASii*i5y?XT»4ffl©3!f^a*!tt4©Tj % ±E 

ti^4t■cfIv^a^^fcv^5Sl^a J ab6. ^CJE^^^ 
/<- 2 o rttt, H l i PttU:»ft3ia 6 \c x *) o r 

r ttT©flE;&fc#fc4iV^5 0 
[00221 03 ri*l§§q©^ 3 ©^ig©^lSr*f 4 
©-e, «aii : f-**«i-5/XA'4©#iHcJsa©*a 

(tfciWfJSilft 2 4 Sr^JT, ±IBig^[ 

2 4 T*^5i©^]i 
5' ©*fciia©*3^/P¥-if-A2fcllMf1-3. - 

<Dm\zffim*m<Dmmm-?> z t x% ***** 

ir **T?# , IBIKK'T-flE 5 ©^jBtttt^^SftleSttft L 
Tg&lleJ««£*5t>©T*fc5o -©^, ±Gfi«tt 
* j«tta[f--lr 2 4 14, *©lffiia*±G&££ft 
CT»b4*5«*fc*U ±B»Ef^ffl©l*nSr/X 
/i/ 4 &Mt S *t« tttt«[?4l©Xft ta4«»o|f«K 

iwn-«cfc^«K*s. i©* 4 «att^« 

5* *ss«ieai^i-5«tie, 03i^i-«t5ie, amm 

a^«i*a(l9 trfflv^r, iiJE^-v 2 o ft-ejp 
^, ^©«E)iS:flS-t-5ri:fe^l6t?fc5 0 03 
le* Lfc«att^««i^-y 2 4 tt, ^©^fffim 

tta^5Xva4jB©««»3-fA'*Rrj, rixicteia 

T'yXvU^fflWiliEmail 5^6^©iS®ISrPpJP 

«. 04ic^i-«k5i-, mimmmm^+y 

2 4 ©rt^lcffitayyX^lg^ffl©!!^ 1 o %n 

»t, ctiici£m7 e 7X^4ffl©SijEmJii 5/&»e>E«i 
icttay?XT2fc«4*L©, c©{Sia^7Xv*§. 
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\f-&hZ^&&®.77Xi> £ ©ffiZffrSHfW 

5. H5t«f &«&*£#*££& 
£\ LfifttfHK 5 fcft©i7 b yVHfc 

^+ 3 o w<-fc U *©*4llcttft 

7X-?i§4fflo^Emjiii 6a»&a9t©*mBEfcBHip* 

S^tT-^To ✓/Hfc^-t 5"<— 3 0 rttiKaT"? 
2£8£tfbfc, ±Bn*©^*ftSC&t>*nB-?fc 

5. 17 b 3 0 icAftfeftfcjSS&ift* 10 

- 3 0 Kg A * ftfctf * £ tt# • 5 Z £ X^T b 

■WfcStt, ^H©£J|ggflrc;b3Bl, 3, 6, 8, 

9 MEfcSih/CV^ X 0 It/ X/V&& 5 #tt*H 2 , 

/ XA^bWZhziBmft-* 5 ©aig £ tm 

4LT, »^£ili^^-b'-A(DffiS^ffl^ 

<»-*38ili©iai0!NlT?ab*H6, 7, 8, 9, 10t 
B*Sivc^SJ:$* % &ttfc&i^tt£ft©ilEftJEHlAi 30 

10 0 2 3] £©**©#&■*, fittttf^OXttl 

~©*t#ttfc J: OHfcc*/nM 
©*&£, *a[0JlS**A'*-«f-A2 0li»tJ:6iB 
!WHSttfc=*/^-©^iWAfc1f*, XkuBft 
Ik-^fflR^ft fciSttfls Lit 9 , n^rtrnttlcSttft: U 

[0024] r<0t#, fitt4lt?tmSft*fc^l2£ 

©^ffilcftJf Lfc*£**fc J: SJ^ttMbMI** 
*bfc9 7*/i'77Xfti-SC4:TH8ttflsS*i % Eta© 
ftfcft < T t>*H&lte#XaS ti« IBK 
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[0 0 2 5] H8tt^91©ff4©*tt©$ft.-cfc9 % 

^aftsr^r-f i **«tt*:**6 ±r/ x/m £ 

U ±Ey X/V 4 fc-f *yfcjtr* £ STO^ 2 3 £ £ft 

t--A 2 ctt^mesitf (ommm 5 *g 

«l©*BfcIIIH-5atin»ab6. £©I5> JifB/X/v 
4*»6«MtSii6^tJ:9*j«S^57 , 9XTSrttai 
ft**5fc»fc, *ff?VrWWJtti»«SftefcJ:o 
TfTor rKTfciWJU ®E^DlCJ:5«cmtt, ^ 
B-^t1-5i£^g-Cfe5. £©£ifefcJ:;fctfi| 

'^rtifcfto, #uB+5wmt^tts#»r©w«f>« 

^ti"S£*5o 

[0026]$&t, SKI #*»«ttWpk>«^tt» 
1 Oft*fcH 6 tgH-®^ l 7 SriBSL, PPJp-f 5 

[0 0 2 7] El 7 5 <D^iS©JgSl?ib 5 v 
ItCH 2 2 ©3HdS©#fcfcjSV^T, H^HSl 

ABtttt^ ftss^eff 8 \cm zimm-m. 5 ©«Hft 

@£gfcl£fc, fia7"7XT|S4«!(Sffi«i[l 5t± 

oTiUm)E^Jn$nS7 0 7X-73S^fflm@l 7Sr^|i^ 

5 £ £ ^huwmmjmm-^M^mm. 8 £ 

1 komM 2 2fcJ»A-fS-f *^fls^» 

A/ X;v 1 9 ttlSlftlittfSS^ 

ft 8 a» & ©ttfttt'T-ft 5 \cffi%mM&m t«it 1 

7©||qgBSriiiS$-fr5££ 1 bfc. /X/H9^f,©xf 
*VflS3!f^ 2 2Sry7X^t;L.-CiiS5i©ig^/V=¥-tr 
-A2Srf§^t, t*-A2-(?i@TO ; f : 2SrBg|tL, C© 

©JWBt iiltf, *a©*a^A'*-lf-A 2 

*5fcfe©^X@tt, ^*yft3tf^JllA>/X/H 9*rffl 

v^T, flfttt^©IKK, fl*fc#**fflvvcv^©-e 

7 B 7X-r3§4ffl©^X@fc*»t*©-e > ±|B@»^©JP 
5i$iJ# £ ±.tmEEfr >'<-ft<DBtlM®&%i± LXft 
V^a^£v^5^^J^* s fc5. 

[ 0 0 2 8 ] m 8 !4*|gPJ©^ 6 ©HJS©^t?$) <0 , 
®6©*|SK©^4©||JS©^t*3V^, {Sta7*7X 

•v!84fflSiJEiail 5d>&tt«E#3Ai3J'b*«Si 7 
Sr. »Rl©T«IK*WW)tl!:EftUT» /X/V4*^if 
1*1-5 W ^Wt^x £)@TO^ 2 3 ©W * Wk^fx SrT* 
?XvftUT3lsa©]Ka^/u*-»f-A2 £ t, ^©iS 
tf- A 2 * W89©ttfttfc?ft: 5 1 © 
*Btmrt-S. C©^fc. ME*I8K©^4©IIJS 
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ilSa*©ffllRfc»Ri£;fc5. cro^iti, *fl3.fcJWt 
**©{£=<* Mste#»fc£»*4« 0 ta»t> % £Kl# 

[0 0 2 9J B 9 tt^H©£ 7 ©%&©£&-?*> 9* 

w * * t mm* **ttts / HHE 1 
oiW.lc*fl«y 5 X-738±ffl®il 1 6 Lfc7°7 X 

* tf— A 2 £ L, tttttFHK 5 £ 

Zto&rJ.fl'ih-K-k 2 ©7?XT$HI©«t>*a»3 
*5Ctlcj;5, iSS«flSUT»Rl±feJ«ii-«. C© 

Tor rSTt#»U «EBJJPfcJ:SiHttt» i/n- 
LTS&l±lc4!RLTfeJ:v\, ZOWiG-ti, H7©ft 

moMmtmmc* t^x^*******:©©*** 

i:tft5. £©*§£-t>> !BIRtt?©iR& Kttfcjlf^fc 

?x-r*4JB©;*f*aiettft©-T\ ±lBiSTO^©in^ 
MPP k ±EttE ^+ >"<-rt ©£;&»£&£ LTfiV 

[003 01 010 f*#3§K©§! 8 ©%£©£»-?*> 30 
•K 0 3 \cijk £ ftfcH 3 ©HJ6© £ffie]BfftlFHft£S 

*:J1V\ *^*A'*-if-A©liMtfc*HttattiptJ:6 
[0 0 3 13 BP*>, «Wft ; f-^+ 1 1 K&JLbti 

a=>f/n 2tppjp$tife^at«^{t±!9gtt, 

*is SfeloBiHft^Jlfii, JMUB*ffi«Bl3j&»&©R] 
iP®JEfc i o TflHi Sti, 8166^+ 1 1 ©ft 40 

&m&& «t o mmm 5 tta££ttft s mm* 

fciMfffcJ^^lfcflttTJqa, *lt£;h,5o ^© 
l*» f»i^XJlTOiofcJ:5«JMcJ:9ll;tf&;|ifc 
ttfttt^ft 5 <Dfc&\z 7 7 Xt*4J1 3>f/H8tEI 

iSHtflsSivfciBJBIWfc?- feAOUltti 9 £ 1 <om 50 
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B7©£tt©&B2:inttK:* T^X^fcateStfSfcifr 
©§#*£-< ;j-yflS#*^A/X/H 9fcJBwcaUfett 

c©#g-t> % jgi&&*©®5£x jpafc^*« 

i^5«jfo«>6. Sfc, mm*tm* nomas 

1 3i»6«JH^yXl«ii 0£EP;&p-f-S®JE£j®$t& 
-T^^-l l fcBUnS*vCV^S«fffcttLTSMsS 

mmmw 3 jifcBtKiPHfc 5 ©%£*!» u #is§ n 

*fc/*38W©3*ai0iHi|-e*5Hl»51 ll^^^fc 
^TO^Iilr*5VNT, ig^i^/V^- fcf— A 2 ©lltfc 

JE®H7^fiM7°7XT|§4ffliSJimjgl 5, ig^^T" 

myy^m^Mmmi o % ^x-vig^n^/n 8 

[0 0 3 21 r*ie>*ltefcJ:*W33KltiJ««Hft** 
«fftt7-tm©ttft^4i ©MPRt>fl»> SftSo - © C t 
«-B©«*©3MBfc*VNT % IHIH»»ttlflHff*t 

[0 0 3 3] 

(Pb (Zr, Ti) 03 :£mtm , ^K"*A«i 
£W1-5Mn-Zn73i7'f h (Fe203 (Mn, Z 

n) ozMntmam) * T-t*-v s ^/hjus© 

(T i 02 : $»«m) ftif©»<b**9 

5 V V TOfe^T?, 2 0 0 g ix-T n */W?-r 

2 linf-t-^u eii i ©«*t*iTB»ft^«ayB 

^ft«4i-5*aB^» ^if-A*3tHl©»-e 
*9#»t, -f3J-><kffi3tf^#y<2 6«»e»ftl6**l5* 
m&y-x$x\zLX, S igiK^xyv^SS, 7 
/v 5 tS&±££&©^A£-?ftX©it£Jff?' t*-^ 

7?rfflV^TS«lSr/X/V4 (■ 
Pt'fX: lOmmXO. 4mm) IC^UT^SLfc. 



13 

[0034] mm+xxotiimtm 5 0 m/ s e c sr 
~?-?mr?* 2 0 AonsftoMmc 6t^«t 0 

0. 2 Torr~2X10"" Ton ©HTitjii© 

JE1 ~2KV > 2 0~5 0mA©&#T?*3£/j:V\ 5~ 
2 0*im/£©$^Ig-Cl 0 0~5 0 0 /imJf©Jg# 
»*tfc. 1l&tlfclK!>XMWfli*«r t 012 (a) 

fttfc©*:*, «»©»*]I*I^Afcl»Nlirf 
(C^lfcR®Xftttfflft**Hl2 (b) IS 

12 (a) ic^-r«t5iJix **©»*«* *-A*iMt 10 

&H©BAtt&», 012 (c) £Xftft«rS**q%+ 

[00 3 5] tit, PZTmmL=F<D&m#Z\ZAlR 

mmt<om\mi o~i 0 ovm&omm£&ft$ai^ 

BftttRtfft&Jv. jE«*tt#lRl±i-5 £ £ 20 
fc 0 ifih *B©SBi©»Bfc*s^T, ltv**v># 

[0 0 3 6 ] WfPi LT&Jlfc«J|-f-S 
t # fctt, ^)H*6£f4j*f-+ 2 8 fcJRgtbtf 

^©^SteE^-A 5 KV, 1 OmAfcflHtfbftiP 30 
eiBIRtt'T- X^ 4 1 fciflj rt««-5 - 

fc-CjjWtfrofc. LTN i «\ 

Sr=fTofct^5, l*JPl0 0pm£l*fl£LfcVMftA9 

[0 0 3 7 ] £Ui, *3§9!£0ffifcfBi&S;ftfclli£©^ 
Bfc*^V*TR«Lfci&*» *58^f4±IBtfcmfe©^l 

[00 38] 40 
[«n©»JI] 6LL, *»WfcJ:;fctf, HSiB 

[00 3 9] sftMi-6tttttmmfttm-?*>& 
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[0 0 4 0] lie, «UB-t5fMfc*#2***fc£teJ: 
[BB©ff¥ftftn] 

[mu mm^Kommmm^mmm.^ 

[02] *I8PJ©0 2 ©Jdfc©»ffi£#ft 6S*tt?A 
IWfefc*t«J«B'T?*«. 

[04] ;Mn©g3©jafc»S©Hft*K#LfcJlBft 

[05] *S§^©|g3©flJ^1ig©-8S*:SfcMLfc 
£fttt?dB%&NlllttB-?;bS. 

[06] *i§k©b 4 ©&&©#sfc$it saawt^rt 
[07] *m<D%5<Dmm<oMM\z&i-tz>mm*f8. 

[08] *BH©£ 6 ©&fk©#C££lt Sgtttfftft 

Jlife^^-rm^0-e&5o 

[09] 4tt91©£7©&&©#S£*3lt&fltteGtf^ 

[0io] ^m<om8<DmM<ommKmnmn.^ 

[011] ^«©^^*Mrt-5fc«>t«v>fcjjaB6 
[012] ^H©$jrat$rt3Xi|fttf©£*&i* 

[»*©»«] 

i m 

4 x* 

5 

5' ®&©j!l»ifc*iffi 

6 snubb 

9 to&MWM 

1 0 vlMsyXAHMi 

ii mm?-*>'<- 

1 2 .flftSftBBa'fA' 

1 3 mm+M®, mmmmnm 

14 8*tt?ngura 

is mjyx-*%m%&mk 

17 7?x-*jMyitti 



IS 

18 7?X-e*4J|3<f/t' 

19 -< * yiktfx&A J X/v 

2 0 W&3-*1"<- 

2 1 i7p ✓/Hb^-f 1"<- 

2 2 wa-yflsar* 

2 3 W^yftSf^iJBttt^ 

2 4 JBW»*««a^+y/<- 



(9) ^112 0 0 0-2 1 2766 

16 

* 2 5 ttttt^Haffi^*^"* 

2 6 -f*y-ftsffi^#y< 

2 7 x-y-z*T— S> 

2 8 fcJttHWtf****^- 

3 0 xTDZ-^ftV^- 
3 1 jBMFHfcfe 

* 3 2 •ftXtfV'* 
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2 0 
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1 2 



20 




2 8 



(11) 
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mi 2] 

00 PCTORft^ 




26(deg.) 
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